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THEORETICAL 
INTRODUCTION 
Turing the l a s t few years there has been a revival 
of In t e re s t in the chemistry, biogenesis an<l physiological 
s tudies of f lavanoids. The term '^''lavanoid* covers a l a rge 
group of na tu ra l ly occurring compounds having (Cp-Cg-C-) 
carbon skeleton except isoflavones in which the arrangement 
i s (C^-C-C-C), The flavanoids include chalcones, dihydro-
chalcones, aurones, flavanones, flavones, i sof lavones , 
flavonols, 2,3-dlhydroflavonols ( f lavanonols) , f lavone-3,4-
diols ( leucoanthocyanidins) , anthocyanidins and catechlns . 
The f i r s t flavone-to be Isolated in the pure s t a t e 
was chrvsin from popular buda. In flavanoids the oxidation 
level of C„ bridrf^e var ies from the lowest in catechin ( l ) to, 
the highest in flavonol ( l l ) . 
(T) 
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The f l a v a n o l d s are of commercial i n t e r e s t as a n t i -
l a b 
o x i d a n t s for f a t s and o i l s . ' The a n t i o x i d a n t p r o p e r t y o f 
a number o f f l a v a n o l d s has been s t u d i e d . Robenetin and 
Oossypet in were c la imed as t h e most p o t e n t and o f economic 
importance in t h e t a n n i n ^ of l e a t h e r , t h e f ermentat ion of t e a , 
t h e manufacture o f coco emd in t h e f l a v o u r q u a l i t i e s o f 
f o o d s t u f f s . ^ ^ ' ^ 
Numerous p h y s i o l o g i c a l a c t i v i t i e s have been a t t r i b u t e d 
3 
to f l a v a n o l d s . The p o t e n t u s e s of f l a v a n o l d s may be l i s t e d 
as vlta:nln P a c t i v i t y d l n r e t l o a c t i o n , t reatment o f a l l e r g y , 
p r o t e c t i o n a g a i n s t X-rays and o t h e r r a d i a t i o n i n j u r i e s , cure 
of f r o s t b i t e , a n t i b a c t e r i a l a c t i v i t y , p r o p h y l a c t i c a c t i o n , 
4 
o e s t r o j a n i c a c t i v i t y , antlturaour e f f e c t s and a n t i c a n c e r 
p r o p e r t y . 
Recent a d d i t i o n t o t h i s c l a s s i s ' B i f l a v a n o i d s ' . The 
b i f l a v a n o l d s are d e r i v e d from two f l a v o n e or f lavanone or 
f l avanone f l a v o n e u n i t s and have been most ly i s o l a t e d from 
Gymnosperms. Among the ang losperms , some p l a n t s belongiUj^ to 
e g 7 8 9 10 
G u t t i f e r e a e , ' Euphorbiaceae ' , C a p r i f o l i a c e a e , Arche^onia tae , 
11 12 
Ochnaceae and a n a c a r d i a c e a e and some f e r n s b e l o n g i n g t o 
13 Sel ag in e l l aceae have b e a i found to c o n t a i n b i f l a v a n o i d s . 
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Class i f ica t ion of Blflavanolds 
The blflavanolds may be c lass i f i ed under two main 
headings, 
(A) C-C linked blf lavanolds and 
(B) G-O-C linked blf lavanolds 
A. C-C linked Blflavanolds 
They have been further divided in to the following 
s e r i e s , depending upon the nature and the posi t ion of the 
const i tuent monoraeric u n i t s . 
1, Amentoflavone Series 
These are derived from two api^enln un i t s with 
^T- !^ ' , I I - 8_7 l inkage and are represented by sixteen amento-
flavone (TTIa^ as the parent compound. 
R.O 
( I I I ) 
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/ \ 1 \ *i 5 ,14-16 
(a) Amentoflavone * 
(b) I-T-O-raethyl 17.19 
(Sequolaf lavone) 
(c) I - 4 ' - 0 - m e t h y l 
( B l l o b e t l n ) ^ ^ * ^ " 
(d) TT-7-O-methyl^^'^'^^ 
(e) I I -4*-0-methv l ,, „o 
(Prodocarpusflavone-A) ''^ "^ H n H H H Me 
( f ) 1 - 4 ' , I - 7 - P l - 0 - m e t h y l 
(Clnkgetln)^^'^ ' '^^'^* Me H H H Me H 
(g) 1 -4 ' , 11 -4 ' -D l -0 - rae thy l 
(ISO gink get in) ^^"^'^'^^ H H H H Me Me 
(h) 1-7 ,11-4 ' -Dl-0- rae thyl 
(Prodocarpusf lavone-B) "* Me H H H H Me 
(1) 1 -4 ' , I I -7 -Di -0 - iue thy l H Me H H Me H' 
( j ) I - 7 , I I - 7 - D i - 0 - r a e t h y l ^ ^ ° Me Me H H H H 
(k) 1 - 7 , 1 1 - 7 , 1 1 - 4 ' - T r i - 0 -
raethyl(Heveaflavone)^^»^® Me Me H H H Me 
(1) 1 - 4 ' , 1 1 - 4 ' , I I - 7 - T r l - O -
methyl(K4yaf lavone)^^ '^^ H Me H H Me Me 
(m) T - 7 , T - 4 ' , T T - 1 ' - T r i - 0 _ 
. . 1 3 , 2 0 , 2 3 , 2 4 
methyl ( S c i - a - d o p l t y s l h J Me H H H Me Me 
(n) 1 - 4 ' , 1 - 7 , 1 1 - 7 - T r l - 0 -
methyl^^*^ Me Me H H Me H 
(o) 1 - 4 ' , 1 1 - 4 ' , 1 - 7 , 1 1 - 7 -
Tetra-O-methyl^'^" ' '^ 
(p) 1 - 4 ' , T T - 4 ' , 1 - 7 , 1 1 - 7 , , . 
T-'D , IT-5-Hexa-0-raethyl ' '^ 
Me 
Me 
Me 
Me 
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Me 
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Me 
Me 
Me 
Me 
Me 
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Sotetsuflavone has been reported as the so le biflavone of 
cycas revoluta , however, reinvest!^^atIon of t h i s plant revealed 
that the reported sotetsuflavone i s a mixture, major part of 
which Is amentoflavone and minor components a re methyl ethers 
Of amentoflavone. • ' II-7-O-irIethyl amentoflavone ( l l l d ) 
has however, been recent ly i so la ted from araucar ia cooki i . 
CupressMflavone Series 
These are derived from two apl^enin un i t s with 
/ " I - S j l l - S ^ / lln'fa&e and are represented by el^ht members. 
Cupressnflavone (IVa) i s the parent compound while the other 
seven are i t s p a r t i a l methyl e the r s . 
OR, 
OR, 
(TV) 
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(a) Cupressuf lavone 
(b) I - 4 ' - 0 - m e t h y l ^ * 
(c) I -7 -O-methyl^^ '^^ 
(d) 1-7,11-7-Dl-O-niethyl^^'^ '^ 
(e) 1 -4 ' , 1 -7 ( o r I I - 4 ' , I - 7 ) -
Dl-0-methyl 2^° 
( f ) 1 - 4 ' , 1 - 7 , 1 1 - 7 - T r i - 0 - m e t h y l ^ ^ 
(g) T - 4 ' , 1 1 - 4 ' , 1 - 7 , 1 1 - 7 - T e t r a -
0-niethvl'^ Me Me H H Me Me 
*(h) 1 - 4 ' , 1 1 - 4 ' , 1 - 5 , 1 - 7 , 1 1 - 7 -
P en ta-O-m ethyl Me Me Me H Me Me 
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• Syn the t i c 
Auathlsyiavone S e r i e s 
These a r e der ived from two ap l^enin \ m i t s wi th 
£'l-'6,ll'-d_j l i n k a g e and a r e r ep re sen t ed by f i v e members. 
A^a th l s f l avone , t h e pa ren t compound was fo r the f i r s t t ime 
33 
obtained dur ing I somer l za t lon of cup res su f l avone . I t has 
r e c e n t l y been i s o l a t e d from t h e l e aves of A^a th l s a l b a . 
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\ //-° '^ 
(V) 
(a) Aoathlsflavone^^'^^^ 
(b) 1-7-O-methyl ^^ „. .,^ (Aaathlsflavone-A)^^'^^'^*'*'^ 
fc) T-7,IT-7-Dl-0-fflethyl 34 
(d) T-7,IT-4'-Dl-0-methyl 
(Aoathlsflavone-B)'^ '"^^ 
( e) 1-7 , TI-7 , I I - 4 ' -Trl-0-methyl 
h Rg S H 5^ H 
H H H H H 
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Rhusflavanone 41a 
The Rhusflavanone has very recently been Isolated from 
the seed Kernels of Rhus Succedanea, This i s derived from two 
narin^enln un i t s with / ' ' l - 6 , I I - 8 _ 7 linkaj^e. 
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OH 
Rhus-Flavone 41b 
This compound has been r e c o ^ l s e d very recent ly and 
iso la ted from the seed kernels of Rhus succedanea. This i s 
derived from a naringenin and an aplgenin uni t s with 
/ " l -6 ,TI -8_7 l inkage. 
HO 
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Robuataflavone Series 
These are derived from two apigenln units with 
/~I-3*,II-6_7 linkage and are represented by three meohers. 
42 Robustaflavone is the parent compound and the other two 
are its mono and dimethyl ethers, characterised only as their 
42 
complete methyl ethers. 
OH 
(VIII) 
41c Sucoedanea flavanone 
The Succedanea flavanone has very recent ly been i s o l a t e d 
from the seed kernels of Rhus succedanea. This i s derived 
from two narin^enln un i t s with / ."l-SjII-e^^/ l inkage . 
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OH 
(IX) 
HB-Series 6,43,45 
This se r i e s comprises of reduced heterocycl ic systems. 
Six members are reported to occur in na ture . They are derived 
from a naringenln linked with narlngenln or aromadendrln or 
t ax l fo l ln or er lodlctyol through / ~ I - 3 , I I - 8 _ 7 l inkage. 
HOs^^Tx^O 
OH 
OH O ' 
(X) 
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n 
(a) r-B-l^ '*^-*^ 
(c) nB-II^'*^""*^ 
(d) HB-IIa^ '^^"*^ 
"1 
OH 
H 
OH 
H 
"2 
H 
H 
OH 
OH 
WGH S e r i e s 
5 
Two new b l f l a v a n o n e , WGH-II and WGH-III have been 
syn thes i s ed by dehydrogenat ion of BGH-II and BGH-III r e s p e c t i v e l y . 
OH 
OH O 
(XI) 
(a), I I - 3 ' , 1 - 4 ' ,11-4* , I - 5 J I - 5 , I - 7 v I I _ 7 - l I e p t a h y d r o x y 
Z T - 3 , I I - 8 _ 7 b i f l a v o n e (viGH-II or Saharanf lavone)^ 
(b) 1 - 4 ' , I I - 4 ' , 1 - 5 , 1 1 - 5 , 1 - 7 , I I - 7 - H e x a h y d r o x y 
/ I - 3 , I I - 8 _ 7 b i f l a v o n e (WGH-III)^^ 
R 
OH 
H 
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1-4' , 1 1 - 4 ' , 1 - 5 , 1 1 - 5 , 1 - 7 , I I - 7 - H e x a h y d r o x y / " l - S , I I - 3 _ 7 
b l f l a v o n e 46 
The s e r i e s compr i s ing of only one member has been 
58a 
syn thes l s ed by o x i d a t i v e coup l ing of a p i g e n l n . 
OH 
(XII) 
47 Taiwanita-fIavone Se r i e s 
A new s e r i e s of n a t u r a l l y o c c u r r i n g b i f l avones have 
been i s o l a t e d from Talwania c ryp tomer lo ides Taiwania f lavone 
as t h e paren t and i t s two p a r t i a l methyl e t h e r s . These a re 
der ived from two ap igen ln u n i t s wi th / 1-3* ,II-3__7 l i n k a g e . 
A l t h o u g h / I - 3 ' , I I - 3 _ 7 b i a p i g e n i n has a l r eady been repor ted 
as one of the o x i d a t i v e coup l lno p roduc t s of ap igen ln . 
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/ \ 47 
(a) Taiwan!a f lavone 
(b) I -7-O-Methvl- or 
TT-7-O-V.ethyl 
(c) T-7,TT-4 ' -Di-0-Methyl 
Or 
47 
11-7 ,11-4 ' -Di -0 - \5e thy l 47 
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B. C-O-C-lInked B i n a v a n o i d s 
1, Hinokl r iavone S e r i e s 
These a r e der ived from two apigenin u n i t s wi th 
/ ~ I - 4 ' - 0 - I I - 6 _ 7 l i n k a g e . Hinoklf lavone (XIV) i s t h e pa ren t 
compound wi th s i x o t h e r s as i t s p a r t i a l methyl e t h e r s . 
E a r l i e r h lnok l f l avone and i t s d e r i v a t i v e s were assii^ned 
/ ~ I - 4 ' - 0 - I T - 8 _ 7 43 l i .nka^e (XVa) which has l a t e r been 
__ 49-5 2 
r ev i sed to /^  i-4« _o-TT-6_7. 
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(XIV) 
R. R, R. R-
48,49,52 
(a) Hinokiflavone /~I-4'-0-li-6_7 
(b) I-7-O-methyl 23 
(Neocryptomerin) 
(c) II-7-O-methyl (Isocryptomerln) 
(d) TT-4'-0-methyl(Cryptomerin-v4)^-'^ 
(e) I-7-II-4'-Dl-0-raethyl-^^ 
(f) i-7-II-7-Di-0-methyl 
23 (Chamaecypar ln ) 
*{g) TT-4' ,TT-7-Dl - .0 -methy l 
(C rvp t om e r1n-B) ' 
* ( h ) T - 7 , T T - 7 , I T - 4 ' - T r l - 0 - m e t h y l ' ^ ^ 
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• Synthetic 
The / i_4«-0-11-8^7 linked hinokiflavone pentaraethyl 
51 
ether has also been syntheaised. 
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(XVa) 
(a) ninoklflavone / " l - 4 ' - 0 - I I - 3 _ 7 
(b ) n i n o k l f l a v o n e p e n t a m e t h y l e t h e r 
R = H 
R = Me 
2 . 1 - 2 , 3 - D l h y d r o h i n o k i f l a v o n e S e r i e s 
The s o l e member (XVI) of t i l l s s e r i e s has been i s o l a t e d 
32 from M e t a s e q u i o l a - l y t o s t r o b o i d e s and c y c a s s p e c i e s . 
(XVT) 
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3, Ochnaflavone Series ' " 
This c lass has been recog^nised very recent ly and i s 
represented hy oi^ly f'^ >'>r members with ochnaflavone as the 
parent compound. They are derived from two apigenin un i t s 
linked through /~ I -3 ' -0 - I I -4 '__7 . 
RiO 
O OR 
(XVII) 
( a ) 
(b ) 
( c ) 
* ( d ) 
Ochna f l avone 11 
H. 
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T-4« , I - 7 , I T - 7 - T r l - 0 - r a e t h y l ^ ^ * Me 
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• S y n t h e t i c 
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Structure determination of Biflavanolds 
The probl an of s t ruc tu re deteriiiination of biflavanoids 
Is a complex one because of (a) occurrence of more than one 
blflavanoid in chromato graphically horaOa.enous f ract ions with 
the consequent d i f f i c u l t y in t he i r i so l a t ion in the pure form, 
(b) i n s o l u b i l i t y in usual organic so lvents , (c) the d i f f i cu l ty 
In exact locat ion of 0-raethyl in p a r t i a l l y methylated der ivat ives 
of blflavones and (d) the i n t r i c a t e problem of establishlnj^ the 
Interflavanoid l inkage. 
There are various methods generallv used for s t ruc ture 
determination such as colour reac t ion , "^ ^ degradat ion," ' ' " 
TDhystcal methods r»n'i syn thes i s . The pViyslcal methods and 
synthesis are of key importance for complete s t ruc tu re e luc i -
dation of bif lavanoids . 
Physical Methods 
The physical methods generally employed in the i d e n t i -
f icat ion and s t ruc tu re analysis of plant plgjnents are 
V. ^ ^ ^ 54,57a,58,59 „,, 60 61-64 .^,„ „„ , „„„„ 
chromatoj^raphy, UV, IR, NMR and mass 
spectrometry, Amon«^  them the nuclear magnetic resonance 
spectroscopy and mass spectrometry are most sophis t ica ted 
dependable tools for the s t r uc tu r e determination of f lavanoids. 
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Ul t rav io le t Speotroscopy 
The U.V. spectra of flavanolds have been thorouu^hly 
fiO 
studied and reviewed by L, Jurd and T,J, Mabry. Flavones 
and flavonols generally exhibit hi -h In t ens i ty absorption in 
the 300-380 nra region (Band-I) and 240-270 nra (Band-I l ) . The 
pos i t ion and In tens i ty of the max. of each of these var ies 
with the r e l a t i v e resonance contr ibut ion of the benzoyl (xXa), 
cinnamoyl (xXb) and pyrone ring, (XXc) groupings to the to ta l 
resonance of the flavone molecule. 
\ \ / / 
(XXc) 
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Although t h e s e groupings i n t e r a c t , t he s p e c t r a of 
s u b s t i t u t e d f lavones and f l avano l s in t h e n e u t r a l and 
a l k a l i n e s o l u t i o n su^^es t t h a t Band I I s a s s o c i a t e d c h i e f l y 
wi th absorp t ion in t h e clnnamoyl g^rouping (XXb) and Band I I 
fie* 
with abso ro t l on in t h e benzoyl (?CXa) grouping. 
irv Spec t ra of Aluminium Complexes - Locat ion of 
5 and .3-hydroxyl ti,ro»ip3 
5-TIvdroxvflavone and 5-hydroxyf lavanols in which the 
3-hydroxyl a,roup I s p r o t e c t e d , form yel low complexes of the 
type (XXI),^ which r e s u l t in t h e c o n s i d e r a b l e bathochroraic 
s h i f t of Band I and I I , In f lavone t h i s s h i f t i s of t h e order 
of 20-45 nm. 
OH 
(XXI) 
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3-Hydroxyflavones read i ly form aluminium complexes which are 
s t ab le even in presence of d i l u t e hydrochloric acid. As a 
r e su l t of complex formation, flavonols produce a flavyliura 
s t ruc tu re (XXIl) which i s ii^reatly s t ab i l i zed by i t s quas i -
aromatic charac ter . 
(XXII) 
The bathochroraic shi f t of the flavonol Band I to the 
complex, Band I i s cons i s ten t ly in the order of 60 nm, A 
sh i f t of magnitude i s , therefore , r e l i a b l e evidence for the 
presence or a free 3-hyflroxyl group. 
' 21 ' 
UV Spectra In Alcoholic Sodium Acetate - Location of 
7,3^ or 4'-Hydroyyl ^roup 
Sodium ace ta te Is su f f i c ien t ly basic to Ionize hydroxyl 
groups located at posi t ion 7,3 euid 4' of the flavone nucleus. 
Hydroxyls at other posi t ion are unaffected. Ionizat ion of 3 
and 4' hydroxyls produces bathochroraic sh i f t s of Band I , but 
does not affect the posi t ion of Band I I . Since Band I I i s 
associated mainly with absorption In A r ln^ , ionizat ion of a 
7-OH group r e su l t s in a pronounced bathochroraic shif t of t h i s 
band, Flavones and flavonols which contain a f ree 7-hydroxyl 
group may, therefore , be detected by the 8-20 nin bathochromic 
sh i r t or the low wavelenj^th band on the addit ion of a l i t t l e 
fused sodium ace ta te , 
TTV Spectra in Sod.-ethoxide - Detection of a 3,4'"-Dlhydroxyl 
OroMpinu in FlavonoIs 
Turd and Horowitz found that flavonols In which the 
hydroxvl group at e i ther G^  or C., i s protected by methylatlon 
or ^lycogldation are s t ab l e In sodium ethoxide and that t h e i r 
s t a b i l i t y Is not appreciably Influenced by other hydroxyl 
groups l . e , the Ion ^ wavelength band sh i f t s from 340-3S0 nm 
in ethanol to 380-420 nm in sodium ethoxide. 
- 22 -
UV Soec t ra In Sodl^im Ace ta t e and Boric Acid ~ 
De tec t lon of O-Djhvdroxvl ^rouns 
Bor ic a c i d , In p re sence of sodium a c e t a t e forms c h e l a t e s 
wi th pheno l i c compounds c o n t a i n i n g 0-dlhydroxyl groups. Thus 
t h e max. of Band I in L u t e o l l n undergoes bathochromlc s h i f t 
of 15-30 nra on a d d i t i o n of a mixture of b o r i c ac id and sodium 
a c e t a t e . The s p e c t r a of compounds which do not con ta in an 
O-dihydroxyl a,roup a r e not app rec i ab ly a f f e c t e d . 
OH 
OH O 
(TXTTI) 
UV Spec t r a in AlCl,^ and HCl 
Plavones and f l a v a n o l s contalnlnH, 5 o r 3 hydroxyl groups 
form aluminium complexes by c h e l a t i o n of AlClg wi th 0-dlhydroxyl 
group. The aluminium complex (A) I s not s t a b l e in p resence of 
HCl, whi le aluminium complexes of f lavones (B and C) having 
3 or 5 hydroxyl u^roiips formed by the c h e l a t i o n of A1C1„ wi th 
keto and 3 or 5 hydroxyl ^roup of f l avones , i s s t a b l e in t h e 
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presence of d i l . IICl, Tlence when shi f t i s taken with A1C1„ 
only, i t r e su l t s in a bathochromic s h i f t , but , when two or 
three drops of HCl are added in the sample, a hypsochromic 
shi f t i s observed, which ind ica te the presence of 0-dihvdroxyl 
group alon^ with hydroxyl groups at C-5 or C-3 pos i t ion of 
flavone nucleus. 
HCl 
(A) M = 
(XXIV) 
OH 
HO 
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O - ^ M 
(XXV) 
IJV Spec t ra of n i f l a v o n y l s 
U l t r a v i o l e t spec t roscopy has been found extremely 
he lpfu l in s t r u c t u r e e l u c i d a t i o n of b i f l a v o n y l s . 
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The uv spectra of biapigenie or binarlngenin type 
biflavanoids and their derivatives are very similar to those 
constituent monomer unit, with the only difference that 
molecular extinction coefficient of biflavanoids are approxi-
mately double as compared to corresponding monomers, 
-3 
^ for amentoflavone = 4,2 x 10 
(Ginketin) 
6 for aplgenin = 2.0 x 10"^ 
X , ^ c. 4. 20,61-64 Infrared Spectroscopy 
20 The infrared spectra of T-hydroxyflavones show a 
_1 
stronii band at 1660 cm as to those of mono 5-hydroxyl 
f lavanoids. The band i s c h a r a c t e r i s t i c of ^-hydroxy flavones 
and although th i s hydroxyl group i s i n t e rna l l y hydrogen bonded, 
the effect of 5-0-alkylat ion and 5-0-acylat ion i s opposite to that 
shown in case of simple 0-hydroxy ketones, the carbonyl bands 
of these compounds show a shi f t to higher frequencies on e i ther 
0-alkylat ion or O-acylatlon, However, a s imi lar comparison 
of the infrared spect ra of 5-hydroxy flavones and 5-hydroxy 
chromones with the spectra of t he i r 5-0-alkyl and 5-0-acyl 
der ivat ives shows a shif t in the opposite d i r ec t ion , that i s 
to lower frequencies. The reason for anomally has been discussed 
bv Looker and Hanneman, In p rac t i ce th i s i s very useful in 
diagnosing the presence of a ?)-hydroxy flavone s t ruc tu re . 
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Nuclear Maa,aetlc Resonance (NMR) Spectroscopy 
The applicat ion of NNtR spectroscopy has proverb to be 
the most powerful tool in the s t ruc tu re deterinlnatlon of 
flavanol ' is . Hv the use of N^ IR s tudies of s i l v l de r iva t ive , 
33b,68,69 
double I r r ad i a t i on technique, solvent Induced shif t s tud ies , 
70 lanthanlde Induced shif t s t ud i e s , nuclear overhauser effect 
( n . o . e . ) and C-NfMR spectroscopy, "^  one can come to the 
s t ruc tu re of flavanoid occurrinj^ even In minor quan t i t i e s 
without tedious and time consuming chemical degradation and 
synthes is . 
The valuable contr ibut ion in th i s f ie ld have been made 
by Batter ham and Highet,^"^ Mabry,^*^*^* Misslcot,^^ Clark-Lewis, ^ 
Ka^vano^^'^^ and Pe l t e r and Rahman. "^ '^^ '^^ 
The most commonly occurring hydroxylation pat tern in 
natural flavanoid i s 4 ' , 5 ,7 - t r lhydroxy (XXVI) system. The 
chemical sh i f t s of the protons r ing A and B prove to 
independent of each other by are affected by the nature of 
r l n t i C. 
HO 
OH O 
(xxvi) 
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The two A-rin^i protons of flavanoids with the 5 ,7 -
hydroxylatlon pa t te rn give r i s e to two doublet (J=2.5 Hz) 
between T 3,34-4.0 from te t raraethyls i lane . There a re , however, 
small but p red ic tab le var ia t ion in the chemical sh i f t s of the 
C-6 and C-S proton s igna ls depending on the 5- and 7-subst l tuents , 
In flavanones the 6,8 protons give a signal peak near T*4.05, 
with the addition of a 3-hvdroxy group (flavanonols) the chemical 
sh i f t of these protons are s l i a h t l y a l te red and the pa t te rn 
changes to a very stronii,ly coupled pa i r of doublets. The 
presence of double bond in ring C of flavones and flavonols 
causes a marked downfield shif t of these peaks, again producing 
the two doublet pa t te rn . Out of 6- and 8- proton, the l a t t e r 
appears downfield, 
Rino R 
All B-rina protons appear around T 2,3 - 3,3 a region 
separate from the usual A-rin^ protons. The signal from the 
aromatic protons of an unsubsti tuted B-r ing in a flavanone 
appear as a broad peak centred at about T 2,55, In flavones, 
the presence of C-rin^i, double bond causes a shif t of the 
2 ' , 6 ' protons and the spectrMm shows two broad peaks one 
centred at r ? . 0 0 ( ? ' , 6 ' ) and other at T 2,4 ( 3 ' , 4 ' , 5 ' ) ,'^^ 
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With the Introduction of a 4'-hydroxyl group the R-ring 
proton appear effect ively as a four peak pa t t e rn , t h i s i s called 
A„B„ pa t t e rn . Introfiiiction of one more si ibst l tuent to r i n^ B 
gives the normal ABC pa t t e rn . The hydroxyl group increases the 
sh ie ld ing on the adjacent 3 ' , 5 ' protons and the i r peaks move 
subs tan t i a l ly upfleld. The 2 ' , 6 ' protons of flavanones give 
s ignals centred at about V 2.65. 
Rinti C 
C o n s i d e r a b l e v a r i a t i o n s a r e g e n e r a l l y found f o r t h e 
chptnlcal s h i f t s of t h e C - r l n g p r o t o n s among t h e s e v e r a l 
f l a v a n o l d s c l a s se«? . l^or example , t h e C„ p r o t o n I n f l a v o n e s 
g ives a s h a r p s l n u l e t n e a r V 3 , 7 . The C^ p r o t o n s of i s o f l a v o n e s 
i s n o r m a l l y obse rved a t abou t T 2 - 3 , w h i l e t h e Cg p r o t o n s i n 
f l a v a n o n e s I s s p l i t by G„ p r o t o n s i n t o a d o u b l e t of d o u b l e t 
( j . = 5 Hz, J . = 1 1 Hz) and o c c u r s n e a r Y 4 , 8 , The two 
c 1 s t r an s 
C„ p r o t o n s o c c u r as two q u a r t e t s (JH_ _. = 17 Hz) n e a r V 2 , 3 , 
However, t h e y o f t e n a p p e a r as two d o u b l e t s s i n c e two s i g n a l s 
of each q u a r t e t a r e of low I n t e n s i t y . The C„ p r o t o n s i n 
d l h y d r o f l a v o n o l s a p p e a r n e a r T 5 . 1 a s a d o u b l e t ( J = l l Hz) 
38 -
coup led t o t h e C-3 p r o t o n which comes a t abou t T 5 , 8 as 
d o u b l e t s . 
I n t h e s t r u c t u r e e l u c i d a t i o n of b i f l a v a n o i d c e r t a i n 
u s e f u l i n f o r m a t i o n s can b e o b t a i n e d by c o m p a r i s o n of t h e i r 
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N*fR spectra with those of t h e i r corresponding monomers. Such 
a choice, however, i s compelling hut hy means i n f a l l i a h l e . 
Comparison of the NMR spectra of methyl and acetyl der iva t ives 
of a biflavanoid with those of hiflavanoids of the same ser ies 
as well as with those of hiflavanoids of other s e r i e s in which 
one monoflavanoid uni t i s s imi la r ly cons t i tu ted , i s very helpful 
in assigning each and individual proton and the pos i t ion of 
methoxy groups. The problem of in ter f lavanold ic l inkage has 
been successfully solved by solvent induced shi f t of methoxy 
20a 30a 52 resonances * * and lanthanide induced sh i f t s tud ie s . 
In blphenyl t5T)e biflavones such as amentoflavone, 
cupressiiflavone, agathisflavone e t c . , the peaks of r ing protons 
involvefl In Interf lavanoid l inkage appear at somewhat lower-
f ie ld (^ 0,5 ppra) as compared with the peaks of the same protons 
in monomer due to extended conjugation. 
I t has been observed both in blphenyl as well as 
in blphenyl ether type hiflavanoids that the 5-OMe group of a 
8-llnked monoflavanoid uni t in a biflavanoid shows up below 
r 6 , 0 0 in a deuterochloroform in a l l the cases examined (Table - l ) . 
This observation may be explained on the basis of extended 
conjugation, 5-Methoxyl group of an 8-llnked monoflavanoid 
un i t in hiflavanoids of nr>!I-serles, WGH-series and GD-series 
does not show up below ^ 6,00 as the l inkage i s through 
heterocycl ic r ln^ . 
5.85 
6.13 
6.14 
6.00 
«. 
5.85 
5.94 
5.95 
5,92 
5.95 
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Table - 1 
Methoxy proton sh i f t s ( r v a l u e s ) of ful ly methylated biflavanoids 
Biflavanolds I-5-OMe II-5-OMe 
Cupressuflavone /"l-8,1T-8__7 
Araentoflavone £'l~V ,IT-8_7 
Agathlsflavone /~I -6 , IT-8_7 
»HlnoklflavoneX^I-4'( ,II-8_7 
2,3-T>lhvdroanientoflavone / ~ I - 3 ' ,TI-8_7 
•Synthet ic 
Solvent Induced Shift Studies 
91 William and co-workers have observed that methoxy 
groups at C-5, C-7 and C-4' exhibit larg,e pos i t i ve A values 
( A = 5 GDClg- <5 CgDg — 0.5-0.8 ppm) in the absence of 
methoxyl or hydroxyl subs t l tuen ts ortho to these ji,roups. This 
means that the aforesaid methoxy s i s a l s move upfield In 
benzene r e l a t i v e to deuterochloroform. The observation Is 
consis tent with the formal a b i l i t y of a l l these methoxy groups 
to conjugate with the electron withdrawing carbonyl group. 
This conlugatlon can lead to a decrease in 7T -e lec t ron 
densi ty at oxygen atoms of methoxy groups in question and so 
enhance an associa t ion with benzene a t these electron def ic ient 
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s i t e s wi th a r e s u l t a n t i nc reased s h i e l d i n g e f f e c t . The C-3 
methoxy resonances a r e in c o n t r a s t desh le lded or only s l i g h t l y 
sh ie lded A = -0 ,07 to +0,34 in benzene, suj^^est in^ t h a t t h e 
C-3 methoxy group in general p r e f e r s conformation i n d i c a t e d 
in (XXVII). S i m i l a r l y a 5-methoxy group in p resence of 
6 - s u b s t l t u e n t shows small p o s i t i v e or n e g a t i v e so lven t s h i f t 
in benzene, because a 6 - s u b s t i t u e n t should l ead to a h igher 
popu la t ion of conformer (XXVIIl) , 
(XXVII) (XXVIII) 
In these conformations the p ro tons of methoxy j^roup in ques t ion 
l i e i n c l o s e proximi ty to t h e n e g a t i v e end of t h e oarbonyl 
d i p o l e which I s a reg ion of s t r o n g d e s h l e l d i n g due to benzene 
a s s o c i a t i o n a t the carbonyl group. The methoxy group l a c k i n g 
one o r tho hydrogen a l so shows small p o s i t i v e or n e g a t i v e 
A va lues ( A = +0,13 t o - 0 , 1 2 ppm). 
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The reason for the small pos i t ive or negative sh i f t i s 
probably due to some combination of ( l ) s t e r i c inh ib i t ion of 
benzene solvation of cent ra l methoxy group, (2) reduction in 
solvation of centra l raethoxy ^roup ( r e l a t i v e to anisole) due 
7 9 —81 to the presence of two ortho electron donating subs t i tuen t s , 
and (3) solvat ion of outer raethoxy groups, the stereochemistry 
of benzene associa t ion bein^ such as to place the cent ra l 
raethoxy group in a region of deshleldin^. I t i s emphasised 
that the s t e r i c factors can not be the major inf luence, since 
an electron withdrawing, subs t i tuent ortho to the methoxy 
function Increases the upfleld shif t which i s observed in 
b enz en e. 
In araentoflavone, cupressuflavone and I - 4 ' - 0 - I I - 8 
blaplgenln methyl e the rs , a l l the methoxy groups move upfleld 
( ^ 50-60 cps) on change of solvent from CDG1„ to CgH- showing 
that every methoxy group has a t l e a s t one ortho proton, therefore 
a C-8 ra ther than C-6 l inkage Is Indicated.^^*'^^*»^^ 
In agathisflavone hexamethyl e ther , only five of the 
s ix methoxy groups showed la rge upfleld s h i f t . One methoxy 
group was unique, upto 50*^^^  d i lu t ion with benzene no shi f t 
was seen and then a strong downfield shif t was evidenced. 
I t was reasonable to assume that the methoxy group in question 
was the one at C-5 flanked by r ing II-A on one side and a 
carbonyl group on the other . Similarly in case of 
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of hinoklflavone /~I-4*-0-IT-.6_7 only four methoxy groups 
move upfielrt. 
The benzene Induced solvent sh i f t s A ( S CPCl-ZCgHg) 
are anpreclahly enhanced by the addit ion of sma^l quant i ty 
i^'i v/v) t r l f l uo roace t l c acid (TFA) to the solut ion of the 
compound in benzene. Apparently protonatlon of ce r ta in groups 
enhance benzene associa t ion at these s i t e s . This technique 
helps to d i s t inguish between methoxy groups which can conjugate 
with the carbonyl group (XXIX) and those which can not conjugate 
(XL) In the ground s t a t e . 
Me-O^C:^-cfl) »- Me-0=C-C=C-0 
• " ^ 
(XXIX) 
M e - 0 - C - C = 0 
(XL) 
Thus the bas ic i ty of methoxy groups not con juga t e (XL) with 
carbonyl group than those which are conjugated (XXIX) and so 
the former wil l be expected to give more pos i t ive values of 
the TFA addition shif t ( A CDGI^/TPA) of a 5-methoxy group 
has a r e l a t i v e l y l a rge negative value (-0,36 to 0,44 ppm), 
which dis t inguishes i t from other methoxy groups. A pos i t ive 
explanation i s the formation of hydrogen bond between the 
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pro tona ted carbonyl group an/i t he oxygen atom of 5-methoxy 
group (XLl) , The carbonyl group w i l l be p ro tona ted to a much 
l a r g e r ex ten t In TFA r e l a t i v e to a s o l u t i o n in benzene 
c o n t a i n i n g only 3% TFA. 82 
/ Q P 
H.C -^H' 
(XLT) 
Lanthanide Induced Shift Studies 
70 
Kawano et a l , have r epor t ed paramagnet ic induced 
s h i f t s t u d i e s in t h e NMR s o e c t r a of f lavones and b i f l avones 
u s i n g KU( '?OD)^ , These s t u d i e s p rov ide an e x c e l l e n t method to 
d i s t i n g u i s h a proton a t t a ched to e i t h e r C-6 or C-8 of a 
f lavone nucleus because 11-6 shows much l a r g e r s h i f t than H-8, 
The r e s u l t s on four monoflavanoid methyl e t h e r s , namely 
ap igenin t r ime thy l e the r (XLI I ) , 6-methoxy ap igen in t r ime thy l 
e the r ( X L I I l ) , q u e r c e t i n pentaraethyl e t h e r (XLIV) and myrecet in 
hexaraethyl e the r (XLV) a r e explained by u s i n g EUCFOD)^, They 
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a r e explained as (a) 0CH--5 shows the l a r g e s t s h i f t (12 ,34 
18,S8 ppm) meaning t h a t complexatlon occurs most ly at 
ne ighbour ing carbonyl group, (b) H-6 shows c o n s i d e r a b l e s h i f t 
( 5 .7 v^ 7,16 ppm) when compared wi th t h a t of H-8 ( l , l 2 ^ 1,56 ppm), 
(c ) H or OCH- a t t ached to s i d e phenyl groups shows t h e l e a s t 
s h i f t and (d) H-S ( -1 ,54 ^ 0.08 ppm) and OCH -3 ^0 .08-0 ,92 ppm) 
shows r a t h e r small s h i f t s i n comparison wi th those of 0CH„-6 
(5 ,16 ppm) and 0CH--7 ( l ,02*-^ 1,28 ppm) whose p o s i t i o n s a re 
a t a d i s t a n c e from carbonyl group. I t i s noteworthy t h a t t h e 
II-3 of compound (XLV) shows an u p f i e l d s h i f t ( - 1 , 5 4 ) . 
Six f u l l y methylated b i f l a v o n e s , namely, hexa-o-methyl 
ot ipressuflavone ( i V l ) , hexa-o-methyl a g a t h i s f l a v o n e (Vf ) , 
hexa-o-methyl amentoflavone ( l l l p ) , penta-o-methyl h lnok l f l avone 
( x i V i ) , penta-o-methyl / ~ I - 4 ' - 0 - I T - 8 _ 7 b i a p i g e n i n (XVb)^^ and 
13 pen ta-o-m ethyl oohnaflavone (XVIIe) ' have been s tud ied u s i n g 
E U ( F O D ) ^ . 
OCH3O 
OH H : f O v ^ ; r v O 
0CK3 
PCH3 
OCH, 
OCH3 R 
(XLII) II = H 
( X L I I I ) R = OCH, 
(XLIV) R = H 
(XLV) n = OCH, 
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0CH3 0 
H g C C ^ ^ T v ^ 
.\ / / 
-OCH-
OCH3 
OCH3O 
( i V i ) (Vf) 
H^O 
OCH3 
( I l l p ) 
'^^^v^:^\'0 
H 3 C o ^ ; r - ^ o 
/ s . 
0CH3 
)CK3 O 
(xivi) 
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H-fo.^^r^ o 
\ //o 
OCH3 O HfO^^^^>^ 
0CH3 
0CH3 
(XVb) 
K3CO 
OCH3O 
O OCH3 
(xvile) 
The induced shi f t s show the same tendency as observed for in 
monoflavones. In bif lavones, a half amount of used reagent 
I s ef fec t ive to each flavone molecule, when the same molar 
r a t i o of the reau^ent i s added. However, 0CTI„-I-5 and I I -5 
show two dif ferent values from each other except for a 
svmmetrical compound ( iV i ) , This means that complexatton of 
EU(FOD) to both flavone nuclei I s not even but cha r ac t e r i s t i c 
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to each compound due to t h e i r chemical s t ruc tu re . I t I s 
I n t e r e s t i n g that I1-I-3' and 1I-I-5' of compound (XIVl) show 
a much l a rge r sh i f t value (2,00 ppm) than those (0,10 w^  0,24 ppm) 
of other compounds, perhaps, because the side phenyl group i s 
attached to 6-posl t lon of the other flavone nucleus. 
The la rger sh i f t value among those of H-I-8 and H-II-8 
I s (1.14 ppm) compound (x lVi) , which I s s t i l l much smaller 
value than those of II-I-6 and H-II-6 ( 2 . 7 6 ^ 5.680 ppm). This 
fact makes I t poss ible to d is t inguish between the proton at 
posi t ion 6 and S In a flavone and according to decide 
the interf lavanoid l inkage through e i the r C-6 or C-8 in biflavones, 
13 
C-NMR Spectroscopy of Riflavanoids 
H-NhiU spectroscopy involving sh i f t s of the methoxy 
s igna ls in the spectrum of permethyl e ther , upon progressive 
91 
addit ion of deuterobenzene, has been used for the de te r -
mination'^^^'^* of in terf lavanoid l inkage. The shif t of the 
signal occurs If one pos i t ion or tho- to a given methoxy group 
i s unsubst i tu ted. Though applied successfully tn many cases , 
t h i s method i s r e s t r i c t e d in i t s a p p l i c a b i l i t y . Thus in the 
5 
case of hepta-o~m ethyl Sahar an flavone , one methoxyl s ignals 
does not shif t at a l l on the addit ion of C_Dg, supporting a 
/ I -3 , I I -6_7 linked s t ruc tu re in s p i t e of the fact that a 
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/~I -3 , I I -8__7 l inked was l a t e r confirmed by s y n t h e s i s . The use 
of the paramagnet ic s h i f t r eagen t EU(FOD) helped to d i f f e r e n t i a t e 
70 t h e s l i inal due to H-3, H-6 and fl-S In 5 ,7-d imethoxyf lavanoids 
Q O QA 
and t h i s has been extended to t h e b l f l avano id pe r methyl e t h e r s , * 
However, s i n c e both f lavanoid mo ie t i e s a r e complexed d i f f e r e n t 
s h i f t s may r e s u l t from t h e same s u b s t l t u e n t on each nuc l eus . 
Hence a method of wider a p p l i c a b i l i t y i s neces sa ry for an 
unambiguous de te rmina t ion of t h e i n t e r f l a v a n o i d l i n k a g e in such 
13 
compounds. The assignment of the s i ^ p a l s i n t h e C-NSIR s p e c t r a 
of t en oxygenated b i f l a v a n o i d s was achieved on t h e b a s i s of 
resonance and pro ton coupled s p e c t r a and by analogy wi th 
UK "7 O 
publ ished va lues * fo r t h e monomeric compounds. This method 
obvia tes the n e c e s s i t y of p r e p a r i n g t h e permethyl e t h e r s which 
1 
a r e o b l i g a t o r y for t h e H-NNIR so lven t induced s h i f t s t u d i e s . 
As a consequence t h e r e f o r e , t h i s method has p o t e n t i a l a l so for 
t h e l o c a t i o n of methoxy s u b s t i t u t i o n d i r e c t l y i n a n a t u r a l l y 
o c c u r r i n g methylated b i f l a v a n o i d s . 
Mass Spectroscopy 
The mass s p e c t r a of a wide v a r i e t y of o rgan ic n a t u r a l 
p roduc ts have been s tud ied only during, t h e l a s t few y e a r s . The 
i n t r o d u c t i o n of the i n l e t system s u i t a b l e for v o l a t a l i z a t i o n 
of high molecular weij^ht ( M * , 300-1200) organic m a t e r i a l s has 
g r e a t l y inc reased t h e u t i l i t y of mass spec t romet ry . General ly 
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f r a ^ e n t a t l o n I s re la ted to the s t ruc tu res of the In tac t 
molecule. Recently a number of papers on the evaluation of 
s t ruc tu re fragmentation pa t te rn r e l a t ionsh ip in mono and 
hlf lavanoids have appeared. The pr inc ipa l mode of frag-
mentation In flnvones i s re t ro-Diels-Alder (RDA) react ion. 
Q Q 
The aplgenln trlraethyl e ther , gives molecular ion m/e 312 
as the base peak, further fragmentation by RDA yie lds ion at 
m/e 180, m/e 132 and m/e 135, 
V O N ^ \ < ^ O 
H3CO ^ 
nfe 180 
m i /el81 
OCH3O 
^\ m/e 312 ( 1 0 0 ) 
OCH3 1' 
\ 
m/e 132 
O C K 
CH2CO 
OCK3 
m /e13 5 
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O Q 
Seshadr l et a l , have r epor t ed t h a t t h e fragpientatlon 
p a t t e r n of blphenyl tjTpe b l f l a v o n e v i z , Cupressuflavone 
hexamethyl e t h e r and amentoflavone hexamethyl e t h e r , a r e s i m i l a r . 
Molecular ion b e i n g the base peak in each c a s e . There a re 
d i f f e r e n c e s in t h e i n t e n s i t i e s of t h e co r re spond ing ions in 
t h e i r s p e c t r a , c h i e f l v due to s t r u c t u r a l v a r i a t i o n s , S t e r i c 
f a c t o r s a l s o p l ay an impor tan t r o l e in i n f l u e n c i n g t h e breakdown 
mode and i n t e r n a l c o n d e n s a t i o n s . These f a c t o r s become so dominant 
in a j^athisf lavone hexamethyl e t h e r , t h a t t h e ion a t m/e 311 
appears as base peak i n s t e a d of molecular ion m/e 622, 
The mode of f ragmenta t ion of blphenyl e t h e r t y p e 
b i f l avones v i z , h inok i f l avone pentaraethyl e t h e r i s cons ide rab ly 
d i f f e r e n t from those of blphenyl type . The base peak appears 
a t ra/e 313 and the molecular ion 608 amounts t o 39^ of t h i s peak. 
This could be a t t r i b u t e d t o t h e fact t ha t t h e blphenyl e the r 
b r idge s u f f e r s easy r u p t u r e hydrogen t r a n s f e r then l eads to 
t h e m/e 313 f r agnen t . The f i s s i o n of e t h e r b r i d g e can t a k e 
p l a c e in two ways, 
( i ) by r o u t e - 1 g iv ing t h e i o n s at m/e 297 and m/e 311 and 
( i l ) r o u t e - 2 y i e l d i n g t h e i ons a t ra/e 281 and m/e 337, 
However, t he obse rva t ion t h a t t h e 313 ion i s most i n t e n s e 
sugges t s t h a t r o u t e - 1 i s favoured, i . e , t h e bond between t h e 
oxygen b r idge and t h e h igh ly oxygenated phenyl r i n g breaks 
88 p r e f e r a b l y . 
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OCH3 
m/e 297(29) 
OCI-J3O 
m/e 311 (21) 
+ 2H m / e 313 
( 1 0 0 ) 
H,CO- O 
UJ 
O 
o^"'^  
'/ \Vo' \ 
,-/^c 
^/:^^OV^^o 
^ " ^ ^ ^ ^ ^ 
6 C H 3 O 
H3C6 8 
•^/e 2 9 6 (7 5 ) 
Ve 431 (7 ) 
I 
HI 
o 
DC 
OCH3 b M* m/e 6 0 8 ( 3 9 ) \ 
m/e 135 
(19) 
. ' ^ : : ^ 0 C K 3 
m/e 132 
(16) 
OCH3O 
m / e 576 (6 ) 
H 3 C O v ^ ^ ; ^ O 
H3C c B 
H ^ O OCH3 
^/e 180 (3) 
+H 
OCH3O 
m/e 2 8 1 ( 2 2 ) 
OCH3 O 
m/e 3 2 7 ( 2 3 ) ^/e 181(11) 
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C u p r e s s u f l a v o n e hexarnethyl e t h e r 
The mode of f r a g m e n t a t i o n i s i^iven i n c h a r t . 
Main P e a k s ; 622 ( l O O ) ; 621 ( 3 8 ) ; 607 ( 8 ) ; 592 ( I S ) ; 576 ( 4 ) ; 
312 ( 7 ) ; 311 ( 1 4 ) ; 245 ( l l ) ; 135 ( 2 6 ) and 132 ( 1 4 ) . 
OCH^O 
^y OCH3 oH 
^ \ 
m/e 132(14) 
H3CO O 
\ / / ^ O C H 3 
\ /r°^^ 
OCH3 
H 1' 
/e 5 7 6 ( 4 ^ 
[ M * ^ a n d / o r M*/^ J 
•> f^ /e 311(14) 
H3CO 
M ^ m/e 622 (100 ) 
^:f P II 
C 
K 3 C O ^ ^ ^ ^ ^ O n 
0CK3 0 C H 3 
m/e 135 (26 ) 
OCH3O 
n^/© 2 4 5 (11) 
(490"^*) 
Amentof lavone hexamethyl e t h e r 
The mode of f r a g m e n t a t i o n i s shown i n c h a r t . 
Main pealcst 622 ( l O O ) ; 621 ( .31) ; 607 ( 3 3 ) ; 59 2 ( 8 ) ; 576 ( l O ) ; 
3 t 2 ( 2 ) ; 311 ( 5 ) ; 245 ( 5 ) ; 181 ( 2 ) ; 180 ( 3 ) ; 135 (16 ) and 132 ( 3 ) , 
H 3 C O v ^ ; r ^ O 
H3COv.^^^rs^ O 
H3C6 y 
f^/e 2 4 5 (490"") 
m/e 132(16) 
^ e 135(16) 
_+ • • • . 
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3, Synthesis 
The synthet ic approaches to members of blflavone families 
f a l l Into f ive ca tegor i e s . The d e t a i l s of three d i s t i n c t 
ca tegor ies are given below; 
(a) Coupling of two flavone nuclei by Ullman reac t ion . 
(b) Ullman synthesis of sui tably subs t i tu ted blphenyls and 
biphenyl e thers followed by t h e i r heteroannulation to 
flavones, 
(c) i^henol oxidat ive coupling, 
(a) Ullman Coupling of Flavones 
A number of biflavanolds with di f ferent interflaveuioid 
l inkage have been synthesised by the appl icat ion of Ullman 
90 91 
react ion, * Nakazawa accomplished the synthesis of amento-
flavone hexamethyl e ther ( l l l p ) by mixed Ullman react ion between 
3 ' - lodo-4 ' ,5 ,7 - t r l -o -methy l ether (XLVl) and 8-iodo-4* , 5 , 7 -
tr i -o-methylf lavone (XLVIl), Cupressuflavone hexamethyl ether (iVl) 
was obtained as a blpro'^uct an'' was found iden t i ca l with one 
obtained from natural source. Later on Seshadrl et a l , have 
synthesised cupressuflavone hexamethyl ether from S- lodo-4 ' ,5 ,7 -
tr i -o-methyl flavone (XLVIl) under modified Ullman condensation. 
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H^co^^^^^r^o 
0CH3 
O^MB H3C0. 
+ 0CH3O 
H^cOy^^^Oy^ y-ocH3 
0CH3 o 
0CH30 
HfO-^-^^^Y^^^ 
H3C0 
OCH-: 
OCH, 
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The syn thes i s of / ' " l - 4 ' - 0 - I I - 8 _ 7 and / " l - 4 ' - 0 - I I - 6 _ _ 7 
49 h inok l f l avone methyl e t h e r s has been r e p o r t e d by Nakazawa. 
The perm ethyl a t ed 3 ' - n i t r o b i f l a v o n e methyl e t h e r s , t h e key 
I n t e r m e d i a t e s , were obta ined by condens ing 3 ' - n i t r o - 4 ' - i o d o -
5 , 7 - d i - o - m e t h y l f l a v o n e (XLVIIl) and 8 and 6 hydroxy 4 ' , 5 , 7 -
t r i - o - r a e t h y l f l a v o n e s (XLIV and L ) In IMSO in t h e p re sence of 
K-CO , The n i t r o e t h e r s were reduced by Na.SoO. in aqueous 
DMF, d i a z o t i z e d and decompose'd wi th SO'i H„PO^ to give pentamethyl 
e t h e r s of h lnok i f l avone . 
+ 
X 
o 
II 
oc 
CM 
0CH3 
^sCO^^-yO y/^~\. 
OC143 
O 
H^co^^^r^^^o OCH3 
OCh^O 
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( X L V I I I - V - L ) 
cr 
OCH3O 
I 
O 
II 
CM 
cr 
H3C0v, . .^rx^0 
o^//\ 
OCH3 
OCH3 O 
(b) Ullman Synthesis of Blflavones Via Biphenyl and 
Dtohenylether precursors 
9? Mathai and coworkers " f i r s t Introduced t h i s approach 
to the synthesis of blflavones in 1964, However, none of the 
blflavones prepared by them occiirs na tu ra l ly , S, Ahmad and 
93 Razaq appears to have qulcldy rea l ized the po ten t ia l of the 
method and successfully svntheslsed the hexaraethyl (iVl) and 
tetramethyl (iVg) ethers of cupressuflavone ( iVa). The method 
Involved Ullman coupling between two molecules of l - lodo-2 ,4 ,6-
trlraethoxy benzene ( L I ) to form a biphenyl system (LIl) as the 
f i r s t s tep . Subsequent Frl edal Cra f t ' s acyla t lon , p a r t i a l 
demethyl atlon and condensation wit h Anisaldehyde ^ave a 
bichalcone ( L I I I ) , Oxidative cyc l iza t ion of bichalcone by 
SeO, j^ave cupressuflavone hexamethyl ether (iVi) which on 
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p a r t i a l d em ethyl at ion was converted in to cupreasuflavone 
tetrainethyl ether (iVg), 
H3CO 
OCH3 
Ullman '^ 3' 
OCH3 Reaction H C O 
9CH3 
^^ 3 C K f O C l 
OCH3 AlCl3/PhN02 
OCH: 
OCH o 
H f O . ^ ; r V . O C H 3 
OCH30 
CH. 
BCJ3/tf_ 
H CO^^X^Ot^ 
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> °^=^ " 
A l k a l i 
OCH 
OH o 
HfO^^-^y^O 
H 3 C C X ^ ; ^ Y ^ 
-^ H^^JV-OCK 
. BCI3/0 ' 
H 3 C O v ^ ^ O H / / \ \ _ o C H 
OH O 
\=y 
SeO. 
OCH-.0 
OCH3 
OCH-
OCH3O 
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The s t ruc tu re of oohnaflavone as 1 -4 ' , 1 -5 ,11 -5 ,1 -7 , I I -7 -
pentahydroxy(l-3'-J0-II-4') blflavone was confirmed by the 
synthesis of i t s methyl ethers (XVIIe) us ln^ dlphenyl ether 
dlcarboxylic acid chlor ide ( L I V ) and o-hydroxy phloroacetophenone 
dimethyl ether in the following way. 
HfO 
4- 2 
H3C0 
K3C0 
-./Q^h^Y::^ocH, 
O OCH 
H + B C O 
H3CO O 
OCH, 
O OCH3 
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The a l t e r n a t i v e s t r u c t u r e (LV) suggested for Isoochnaflavone 
methyl e ther was also synthesized in the same way using the 
Isomeric dicarboxylic acid chlor ide ( L I V ) , 
H3CO 
OCh^3 
PCK3 
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(c) Phenol Oxidative Couplln& 
Of a l l the method discussed, the dimerlzation of apl genin 
and I t s der iva t ives by oxidat ive coupling offers the most 
atlmmulatlng and a e s t h e t i c a l l y p leas ing route to the blflavones 
since I t most c losely follows the process which I s believed 
to occur in na ture . The appl ica t ion of phenol oxidation to 
synthet ic chemistry has, therefore , been extensively s tud ies , " 
I t has been experimentally establ ished in the phenol oxidation 
mechanism, the phenolate ion i s oxidized by an oxidant l i k e 
f e r r i c chlor ide and potassium ferr lcyanide to a phenoxy rad ica l , 
ArO ^ FeCciOg^ '^  ArO + Fe(CN)~* 
The free e lectron in the phenoxy radica l may be shown 
at various places by mesomerlc effect . The free rad ica ls are 
then coupled rapid ly and I r r eve r s ib ly under k ine t i c control 
by three of many modes of dimerlzation t heo re t i c a l l y poss ib le . 
( l ) Tlomolytic Coupling 
« 
2 ArO >• (ArO) 
( l l ) Radical I n s e r t i o n 
ArO* + ArO" —"^—> (ArO), 
( i l l ) n e t e r o c y c l i c Coupling 
ArO • ArO"^  
+ _ 
ArO + ArO *• (ArO)_ 
2 
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I t I s a reasonable to assume that coupling occurs fas tes t at 
the pos i t ion of highest densi ty of the free electron except 
where, the re i s hinderance of approach. 
The parent blflavone together with t h e i r various o-methyl 
ethers exhibit e i t he r C-C or C-O-C linkage between flavanold 
uni t s which might be expected to a r i s e through oxidat ive coupling 
of an aplgenln derived radical (LVl) or (LVIl), 
OH O 
HO 
OH O 
OH O 
o^^-^oW/^\\o^ 
OH O 
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HO 
OH O OH O 
(LVI) (LVII) 
46 Molynetw et a l , have invest igated the oxidat ive 
coupling of apigenin using a lka l ine potassium ferr icyanide and 
Isola ted two biflavones with Interf lavone l inkage /~ I -3 , I I -3_7 
and / ~ I - 3 , I I - 3 ' _ 7 respec t ive ly , out of these two flavones, 
l a t e r one has been i so la ted very recent ly from Taiwania 
Cryptoneroids, 47 
(XII) 
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(XI I I ) 
The s y n t h e t i c compounds (XI l ) and ( X I I l ) appear to 
a r i s e presumably by a p p r o p r i a t e s p i n - p a l rinj^ of t h e mesomeric 
r a d i c a l (LVl) edthough none of t h e symmetrical / ~ I - 3 , I I - 3 ' _ _ 7 
l i nked dlmer which m l ^ t a l so be expected to be formed, could 
be I s o l a t e d , These o b s e r v a t i o n s a r e c o n s i s t e n t wi th t h e 
97 f ind ings of Kuhnle et a l , who s t u d i e d t h e e l e c t r o n sp in 
resonance of s p e c t r a of f lavanold anion r a d i c a l ( de r ived 
from polyhydroxyflavones and hav ing a 5-hydroxy func t ion) and 
concluded t h a t t he d e l o c a l l z a t l o n of an unpa i red e l e c t r o n 
I n i t i a l l y g^enerated a t t h e C-4' hydroxy group In ap igenln 
occurs only In r i n g B and C ( L V I ) , Thus In o rde r to ach ieve 
46 
an i n t e r f l a v a n o i d l i n k a g e to r i n g A, Moleyneux et a l , 
be l i eved t h a t a r a d i c a l i n i t i a l l y genera ted a t C - 4 ' , i n apigenln 
and d e l o c a l l z a t l o n a t t a c k s e l e c t r o p h l l l c a l l y t h e e l e c t r o n r i c h 
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G-6 or G-8 p o s i t i o n s of t h e phloro g luc ino l r i n g of an i n t a c t 
api genin molecule i . e . r a d i c a l s t ibst i t u t l o n occurs in p r e f e r ence 
to r a d i c a l p a i r i n g , 
98 Seshadri et a l . have c a r r i e d out e x t e n s i v e coup l ing 
of a p i g e n i n - 4 ' , 7 - d i m e t h y l e t h e r wi th f e r r i c c h l o r i d e i n b o i l i n g 
dioxan an'" i sol i i tec ' a dimer i n 6% y i e l d whose p r o p e r t i e s suggest 
79 t h a t I t I s t h e Cg-G^ b l f l a v o n e . 
H3CO 
OCH. 
(LIX) 
98 
On t h e b a s i s of t h e s e f ind ings Seshadri e t a l . have suggested 
t h a t when hydroxy groups a r e p r o t e c t e d by methy la t ion ( l e a v i n g 
only the 5-On group f r e e ) , d imer l za t i on t akes p l a c e through 
6- or 3 - p o s i t i o n of A r i n g . I t i s r e a sonab l e to expect t ha t 
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in nature adequate mechanisms a re ava i l ab le for p ro tec t ing 
the hydroxyl j^roups and brlnj!,in^ about the coupllni^ t h r o u ^ 
the pos i t ion in A rinj^. 
DISCUSSION 
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Biflavones from the genus Junlperus Linn (Cupressaceae) 
The genus Juniperus Linn vcupressaceae) ' consis ts 
of about 60 species , evergreen t rees or shrubs, d i s t r ibu ted 
chiefly in the northern hemisphere from the a r c t i c zone to 
the mountains of the t r o p i c s . Five species occur in India 
and a few more exotics have also been introduced. Some of the 
species furnish commercial woods su i t ab le for pencil making 
and some are of medicinal importance. The essent ia l o i l s 
obtained from wood, leaves and shoots are often used for 
perfumary and in medicine as a powerful d i u r e t i c . 
The present discussion deals with the study of the 
complex mixture of biflavanoids in the leaf ex t rac ts of 
Junipenis pseudosabina. The biflavanoid cons t i tuents ident i f ied 
in each Juniperus species are recorded in Table I I , 
Leaves of Juniperus pseudosabina were procured from 
Royal Botanical Garden, Codawarl, La l i tpur (Nepal), The 
phenolic ext rac t ives of the fresh leaves by solvent f rac t iona-
t ion , column chromatoj^raphy followed by prepara t ive- layer 
chromatography (Sl-gel) yielded^ three components, the two ma,j or 
and one minor. They were label led as J P - I , JP - I I and J P - I I I 
in order of increas ing R_ values , corresponding to amentoflavone, 
eg 
i t s mono and dl-methyl ethers respect ive ly ( B P F ) , The usual 
colour react ions indicated them to be flavanoids. 
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JP-I 
The fraction JP-I although homott^eneous in chromatographic 
behaviour in a number of solvent systems ( B P F , TEF and BEA), 
was found, on complete methylation followed by TLC examination, 
to be a mixture of amentoflavone and cupressuflavone. The 
methyl ethers label led as JP-IMI and JP-IMII which were 
separated and characterized as hexa-0-methyl amentoflavone and 
hexa-0-methyl cupressuflavone respect ively on comparison with 
atithentic sample (m.p. , m.ra.p,, R. values and cha rac t e r i s t i c 
Shade In UV l i g h t ) . • ' ^ JP- I was thus subjected to CCP 
separation between ethyl methyl ketone and borate buffer 
(pTT, 9,8) yielded JP- Ia and JP-Ib which were characterized as 
amentoflavone and cupressuflavone respect ively by NMR studies 
of t he i r ace ta te de r iva t ives . 
1-4' ,11-4' , I -5 , I I -5 , I -7 , I I -7-Hexahydroxy / " l - S ' ,II-8__7 
biflavone (JP-Ia) 
TLC examination of JP- Ia and i t s methyl ether JP-IMI, 
m.p. 225-27 indicated i t to be amentoflavone. The r e su l t s 
Of H^ NMR studies of i t s methyl (JP-IMl) and ace ta te (JP-IaA) 
der ivat ives are recorded in Table I I I . 
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Table - I I I 
Chemical s h i f t s of p r o t o n s {y s c a l e ) of JP-IMI and JP-IaA 
Assignment JP-IMI JP-IaA 
TI-I-8 3.5 3 ( d , J=i3 llz, 1H) 2.74 ( d , J = 3 Hz, I H ) 
H-I-6 3.68 ( d , J = 3 Uz, 1H) 3.16 ( d , J=3 Hz, IH) 
H- I I -6 3.36 ( s , lU) 2.99 ( s , 1H) 
H-I -3 3.51 ( s , IH) 3.35 ( s , 1H) 
H - I I - 3 3.41 ( s , IH) 3.32 ( s , IH) 
H- I -6 ' 2.05 ( q , J j=9 Hz, 2.02 ( q , J j=8 Hz, 
J2=3 Hz, IH) J2=3 Hz, 1H) 
H - I - 2 ' 2.16 ( d , J=3 Hz, IH) 1.97 ( d , J=3 Hz, IH) 
H-I-5» 2.92 ( d , J=9 Hz, 1H) 2.52 ( d , J=9 Hz, IH) 
H - I I - 2 » , 6 ' 2 .63 ( d , J=9 Hz, 2H) 2.51 ( d , J=9 Hz, 2H) 
n - T I - 3 ' , 5 ' 3o29 (d , J=9 Hz, 2n) 2.94 ( d , J=9 Hz, 2H) 
OMe/OAo 1-5,11-5 Z"6 .08 , 5.95 ( s , 6H)_7 7o55, 7.59 Cs, 6H) 
OMe/OAc 1-7,11-7 / " ' 6 . 1 8 , 8.30 ( g , 6H)_7 7 . 9 5 , 7.99 ( s , 6n) 
OMe/OAc I - 4 ' , I l - 4 ' Z,"6.25, 6.29 ( s , 6Hi7 7 . 7 2 , 7.77 ( s , 6H) 
s = s i n g l e t , d = doub le t , q = q u a r t e t , spectrum run In CDClg 
a t 100 MHz, TMS as I n t e r n a l s tandard = y" 10 .00 . 
F igu res i n pa ren theses show chemical s h i f t s of methoxy p r o t o n s , 
1 The H-NMR spectrum showed ABX and A-B- systems a s soc ia t ed 
wi th r i n g I-D and I I -B s u b s t i t u t e d a t p o s i t i o n s I - 3 ' , 4 ' and 
I I - 4 ' r e s p e c t i v e l y . Thus rir t^s I-B and I I -A of t h e b i f l avone 
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seemed to be Involved In Interf lavanold l inkage. Moreover, 
the values showed that 1 -3 ' , i s l inked to e i ther I I - 6 or I I - 8 , 
The observation that in blflavones having aromatic subst i tuent 
at 1-8, the protons of I-5-C».Ie group generally appears below 
7"6.0 (Table - IV), lead to believe that subs t i tuen ts (flavone 
uni t ) in JP- Ia was located at I I - 8 and not at I I - 6 . 
Table - IV 
Biflavanoids I-5-OMe I I -5^Me 
1, Cupressuflavone hexaraethyl Y 5»88 5.88 
ether 
2, Araentoflavone hexaraethyl ether ^ 6,13 5,94 
3, Hlnokiflavone pentamethyl e ther T 6.00 5,92 
/ " l - 4 U 0 - I I ~ 8 _ / 
4, JP-IMI T 6.08 5.95 
Further , a l l met boxy grouy^s on change of solvent from 
deuterochloroform to benzene, moved upf le ld , showing that every 
methoxy group had a t l e a s t one ortho proton, therefore I I - 8 , 
ra ther than I I -6 l inkage was confirmed. 
Thus, j p - l a was a s s i ^ e d the s t ruc tu re as I - 4 ' , I I - 4 ' , 
I -7 , I I -7 , I -5 , I I -5-hexahydroxy / ~ I - 3 ' ,II-8_7"blflavone. 
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HO 
OH O 
( I l i a ) 
1-4' ,11-4* ,1-5,11-5,1-7,II-7-Hexahydroxy ^ I -8 , I I -8__7 
blflavone (JP-Ib) 
TLG examination of JP-Ib and i t s methyl ether 
(JP-IMII) m.p, 297-99 indicated i t to be cupressuflavone. 
The r e su l t s of H-NMR of i t s methyl (JP-IMIl) and ace ta te 
(JP-IbA) are ^iven in Table - V. 
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Table - V 
Chemical sh i f t s of protons (T^-scale) of JP-IMII and JP-IbA 
Assignment JP-IMII JP-IbA 
H - I ^ 2 ' , 6 ' , I I - 2 ' , 6 ' 2.7 (d , J=9 Hz, 4H) 2.71 (d , J=9 Hz, 4H) 
H - I - 3 ' , 5 ' , 1 1 - 3 ' , 5 ' 3.23 (d, J=9 Hz, 4H) 2.99 (d, J=9 Hz, 4H) 
H - I T 3 , I I - 3 3,41 ( s , 2H) 3.44 ( s , 2H) 
H-I-6 , I I -6 3.43 ( s , 2n) 2.94 ( s , 2H) 
0Me/0Ac-I-5,II-5 /~5.9 ( s , 6 H ) _ 7 7.5 2 ( s , 6H) 
0Me/0Ac-I-7,ri-7 Z~6.15 ( s , 6 H ) _ 7 7,92 ( s , 6n) 
OMe/OAc I - 4 ' , I I - 4 ' /•*6.23 ( s , 6n)_7 7.75 ( s , 6H) 
s = s i ng l e t , d = doublet, spectra run In CDC1„ at 100 MHz, 
This as In ternal standard =7^10,00, numbers In parentheses 
showed chemical sh i f t s of raethoxy protons, 
H-NMR spectrum of JP-IMII and JP-IbA suggested that 
the molecule had an axis of symmetry. Two s ing le t s of H-I-3, 
I I - 3 and H-I -6 , I I -6 were appeared at t h e i r c h a r a c t e r i s t i c 
posi t ion '7'3,41 and 7^3,43 respect ive ly . There was a c lear 
A_B system of protons associated with rings 1-3 and I I - 3 , 
ind ica t ing the presence of subs t l tuents at 1-4' and I I - 4 ' 
pos i t i ons . The methoxy protons of 1-5 and I I -5 were appeared 
beloAT 7^6.00. These informations indicated the 1-8 and I I -8 
interf lavanoid l inkage. To meet the requirements of sjnnmetry 
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and PT.{R s p e c t r a , t h e l i n k a g e / " l - 8 , I I - 8 _ _ 7 o r / f l - 6 , I I - 6 _ 7 
may be s u g g e s t e d . The f i n a l d e c i s i o n was t a k e n by b e n z e n e 
i nduced s o l v e n t s h i f t s t u d i e s of methoxy r e s o n a n c e s . The 
s h i f t s o f methoxy r e s o n a n c e a s a r e s u l t o f change o f s o l v e n t 
from d e u t e r o c h l o r o f o r m t o b e n z e n e a r e shown i n T a b l e V I , 
T a b l e - VI 
P o s i t i o n 
of (Ale 
S i g n a l i n 
CDClg(Hz) 
S i s a l s i n 
CgHg (Hz) 
S h i f t i n 
Hz 
C-5 
C-4 ' 
C-7 
412 
386 
371 
356 
329 
302 
+ 56 
•»• 57 
• 69 
Thus a l l t h e OMe groups s h i f t e d u p f i e l d a s e x p e c t e d 
f o r 1 - 8 , 1 1 - 8 l i n k a g e , 
j p - I b was t h e r e f o r e , a s s i g n e d t h e s t r u c t u r e 1 - 4 ' , 1 1 - 4 ' , 
1 - 5 , 1 1 - 5 , 1 - 7 , I T - 7 - H e x a h y d r o x y / ^ ~ I - 8 , I I - 8 _ 7 b i f l a v o n e , 
OH o 
HO 
OH O 
(iVa) 
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JP-IT 
Chromatographically homogeneous fract ion ( B P P , 36:9:5) 
on methyl at Ion followed by TLC examination, was found to be the 
mixture of methyl ethers of amentoflavone, cupressuflavone 
and hinoki flavone (Tt» values and c h a r a c t e r i s t i c shade in UV 
l igh t ) ' . I t was subjected to column chromatography and separated 
in to two f ract ions J P - I I a (minor) and JP- I Ib at the po la r i ty 
benzene-ethyl ace ta te (8:2) and (6:4) respec t ive ly . The minor 
f ract ion J P - I I a on methylation was found to be the mixture 
amentoflavone and cupressuflavone hexaraethyl ethers on TLC 
examination. Therefore J P - I I a was the mixture of mono-o-methyl 
ameitoflavone and mono-o-methyl cupressuflavone, JP- I Ib was 
found hinokiflavone pentamethyl ether on TLC examination followed 
by methylation. I t was character ized as hinokiflavone by NMR 
studies of i t s methyl and ace ta te de r iva t ives , 
II-4« ,1-5,11-5,1-7,II-7-Pentahydroxy /~I-4 '-0-II-6__7 
biflavone (JP-IIb) 
The H^-NMR r e s u l t s of i t s methyl (JP-IIbM, m.p. 260-62) 
and ace ta te (JP-IIbA, m.p. 236-38 ) are given in Table - VII. 
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Table - VII 
Chemical s h i f t s of p ro tons of JP-IIbM and JP- I IbA (71^ s ca l e ) 
Assiunment JP-IIbM JP- I IbA 
H-I-6 
H-I-8 
H- I I -8 
H-I -3 
H-II-.3 
n - I - 2 ' , 6 ' 
H-IT-2 ' , 6 ' 
H - I - 3 ' , 5 ' 
n - I I - 3 ' , 5 ' 
OMe/OAc 1-5 ,11-5 , 
1 -7 ,11 -7 ,11-4 ' 
3.66 
3.48 
3.44 
3.42 
3.40 
2.04 
2.14 
2.94 
2.96 
Z~6.15,, 
( d , IH, J=:2.5 Hz) 
Cd, lH,J=2.5 Hz) 
(s, in) 
( s , IH) 
( s , IH) 
(d,2H,J=9 Hz) 
( d , 2H, J=9 Hz) 
( d , 2 n , J=9 Hz) 
( d , 2 n , J=9 Hz) 
6.06__7(s, 15H) 
3.15 ( 
2.57 ( 
2.72 ( 
3.41 ( 
3.36 ( 
2.05 ( 
2.15 1 
2.98 { 
2.68 ( 
7 .66 , 
7,56 ( 
, d , lH , J = 2,5 Hz) 
i d , lH , J=2 .5 Hz) 
i s , IH) 
LS, IH) 
[ s , IH) 
td,2H, J=9 Hz) 
kd,2H, J=9 Hz) 
[d,2H, J=9 Hz) 
[d ,2n , J=9 Hz) 
7 . 7 5 , 7 .87 , 
LS, 15H) 
s = s i n g l e t , d = d o u b l e t , s p e c t r a run In CDCl- a t 100 MHz, 
TMS as i n t e r n a l s t andard =7 10«00« Numbers in p a r e n t h e s i s 
showed chemical s h i f t s of raethoxy p r o t o n s . 
The ^U-NMR s p e c t r a of JP- I IbA and JP-IIbM showed s i u n a l s 
for f i v e acetoxy and f ive methoxy groups r e s p e c t i v e l y . The 
appearance of two s e t s of AJi^ p ro tons and B- proton of only 
one s e t s h i f t e d dOAvnfield i n a c e t a t e suggested t h e p resence 
of f r e e hydroxyl group at 4 ' p o s i t i o n of one of t h e B r i n g 
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and the Implication of e i the r B r ing In C-O-C l inkage In 
JP - I Ib . The l inkage could not be through I-C-3 or II-C-3 
due to the presence of t^ yo s ing le t at 7^3.41 and T's .SS In 
JP-IIbA. Moreover t h i s l inkage would lead to two meta coupled 
pa i r s associated with r ing I-A a n d l l - A while only one such a 
pa i r was observed. The presence of two meta coupled doublets 
a t ' T ' 3 . 1 5 and 7^2.57 and a s ing le t at 7^2.72 suggested that 
l inkage i s throu-,h C-6 ra ther than G-8« 
JP-I Ib was, therefore , assigned the s t ruc tu re as 
11-4' , I - .5 , I I -5 , I -7 , I I -7-Pentahydroxy /" l -4 ' -0-II-6_7bif lavo)r ie . 
OH O 
(XlVa) 
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J P - I I I 
The f r a c t i o n J P - I I I a f t e r e s t a b l i s h i n g t h e homogeneity 
hy chromatography on complete raethylatlon followed by TLC 
examination showed h lnok l f l avone pentamethyl e t h e r (R^ va lues 
BO 
and c h a r a c t e r i s t i c shade In UV l i g h t ) . I t was c h a r a c t e r i z e d 
as I socryptomer ln (XIVc) by NMR s t u d i e s of I t s a c e t a t e on 
50 
comparison wi th a u t h e n t i c sample. ' 
II_4» , I - 5 , I I - . 5 , I - 7 - T e t r a h y d r o x y - I I - 7 - 0 - m e t h y l / " l - 4 • - 0 - 1 1 - 6 ^ 
b l f l a v o n e ( J P - I I I ) 
On a c e t y l a t i o n wi th a c e t i c cmhydride and p y r i d i n e , 
J P - I I I gave an a c e t a t e J P - I I I A m.p. 213-14? The r e s u l t s of 
NMR s p e c t r a of J P - I I I A and i socryp tomer ln t e t r a a c e t a t e a r e 
recorded in Table V I I I . 
Table - VII I 
Chemical s h i f t s of p ro tons of J P - I I I A and l sp6ryptomer in 
t e t r a a c e t a t e 
— i m . ^ i i * • ^ . . i . i ^ » . . i a . I . . 1 i » I ., ! • — — i » i i I - I I.—.1.111 • • • ! . • . - • . • • • • i M . i . . i i • • • ^ ^ • ^ • ^ ^ • • • • • • • 
Assignment J P - I I I A Isocryp tomer ln 
^ t e t r a a c e t a t e 
n - I - 6 3 . IS ( i n , d , J = 2.5 Hz) 3.19 ( i n , d , J = 2.5 Hz) 
H-I-8 2,70 ( l H , d , J^.1,ry Hz) 2.71 ( i n , d , J = 2.5 Hz) 
H-I I -S 2.97 ( IH, s) 2.99 ( i H , s) 
n - I - 3 3.40 ( IH, s) 3.40 ( iH , s) 
H - I I - 3 • 3.43 ( IH, s) 3.44 ( iH , s) 
H - I - 2 ' , 6 ' 2.12 (2H,d, J=9 Hz) 2.11 (2H,d, J=9 Hz) 
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T a b l e - V I I I ( C o n t d . ) 
. . . TO TTTA I s o c r y p t o m e r l n 
Ass ignmen t J P - I I I A t e t r a a c e t a t e 
n - I T - 2 ' , 6 « 2 .25 ( 2 H , d , J=9 Hz) 2 . 2 4 ( 2 H , d , J=9 Hz) 
H - I - 3 ' , 5 ' 2 . 9 8 ( 2 H , d , J = 9 Hz) 2 . 9 9 ( 2 H , d , J=9 Hz) 
H - I I - 3 ' , 5 ' 2 .77 ( 2 H , d , J=9 Hz) 2 . 7 6 ( 2 H , d , J=9 Hz) 
OMe-II -7 6 ,14 ( a n , s ) 6 . 1 3 (3H, g) 
0 A c - I - 5 , I I - 5 7 . 7 2 (6H, s ) 7 . 7 1 ( 6 n , s ) 
O A c - I - 7 , 1 1 - 4 ' 7 . 7 6 , 7 . 6 4 (3H e a c h , s ) 7 . 7 6 , 7 . 6 3 (3H e a c t i , s ) 
s = s i n g l e t , d = d o u b l e t , s p e c t r a run In CDClg a t 100 MHz 
and TMS as I n t e r n a l s t a n d a r d = T l o . O O . 
The NMR s p e c t r a l s t u d i e s of J P - I I I A showed i t t o be 
mono-methoxy t e t r a a c e t o x y h i n o k l f l a v o n e . The methoxy group 
was a s s i g n e d t o I I - 7 p o s i t i o n on c o m p a r i s o n w i t h pen tame thoxy 
h i n o k l f l a v o n e . A l l t h e p r o t o n s ( 1 - 6 , 8 , 1 1 - 3 ' , 5 * , 2 ' , 6 ' ) a r e 
o b s e r v e d a t l o w e r f i e l d I n J P - I I I A a s compared t o p e n t a -
raethoxyhlnoicl f l a v o n e e x c e p t H - I I - 8 w h i c h was I n v a r l e n t , The 
s t r u c t u r e was a l s o s u p p o r t e d by t h e compar i son w i t h t h e NMR 
s p e c t r a of i s o c r y p t o m e r l n which was s u p e r i m p o s a b l e t o NMR 
s p e c t r a of J P - I I I A . 
J P - I I I was , t h e r e f o r e a s s i g n e d t h e s t r u c t u r e I I - 4 ' , 
I - 5 , I I - 5 , I - 7 - t e t r a h y d r o x y - I I - 7 - 0 - r a e t h y l / ~ l - 4 ' - 0 - I l _ 6 '/^i^^Q-yone, 
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OH O 
H3CO 
OH O 
(XIVc) 
finCPRRIMFNTAL 
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All ra.ps. were measured on a Kofler hot microscopical 
stage and are uncorrected. N>IR were recorded on JEOL 4H-100 
Instrument. Chemical sh i f t s are expressed in V* scale to 
TMS as In ternal standard. 
Extraction and Pur i f ica t ion of biflavones from the 
leaves of Juniperus pseudosabina (Cupressaceae) 
Fresh and dried leaves ( l Kg) were completely exhausted 
with hot acetone and the extract was concentrated, A gummy 
dark green mass was obtained. This was refluxed with pe t ro l , 
benzene and then acetone. This acetone extract responded to 
the usual colour t e s t , 
A well s t i r r e d suspension of s i l i c a gel (BDU, 100 ^ ) 
in dry benzene was poured in to a column (150 cm long and 40 ram 
in diameter) when the absorbent was well s e t t l e d , the excess 
of benzene was allowed to pass through the column. The crude 
bif lavanoidic mixture (6 gm) Avas adsorbed on s i l i c a gel 
(HDH, 50 gm) in drv acetone and was added to the column. The 
column was eluted with organic solvents in the increas ing 
order of po l a r i t y . The r e su l t s are given in Table IX, 
Table - IX 
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Solvent Nature of the products 
1, Benzene 
2, nenzene:EtOAc ( 7 : 3 ) 
3, Benzene:EtOAo (5 :5 ) 
4, Ethyl a c e t a t e 
5, EtOAc:Acetone 
^axy product 
Yellow green s o l i d 
Yellow green s o l i d 
Brown s o l i d 
Dark brown s o l i d 
The l a s t four f r a c t i o n s obta ined wi th Benzene:EtOAc 
( 7 : 3 & 5 : 5 ) , Ethyl a c e t a t e and EtOAc:Acctone ( 5 : 5 ) were mixed, 
concen t ra ted and subjec ted to p r e p a r a t i v e TLC, 
Separa t ion of b i f l a v o n e mix tu re : 
P r e p a r a t i v e Thin Layer ChroraatOi<raphy 
Using a th in l a y e r sp reade r (Desaga, He ide lbe rg ) , g l a s s 
p l a t e s (40 X 20 cm) were coated wi th a well s t i r r e d suspension 
of s i l i c a gel G, (BDH) to give a l a y e r approximate ly 0 ,5 mm 
in t h i c k n e s s , a f t e r d ry ing for 2 h r s . a t room tempera tu re , the 
p l a t e s were a c t i v a t e d a t 120°C for 1 h r . 
The complexi ty or the crude b i f l a v o n e mixture was 
examined by TLC us ing the fol lowing so lven t sys tems . 
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(a ) Benzene P y r i d i n e : Formic aold ( B P P , 3 6 J 9 : 5 ) . 
(b) T o l u e n e - e t h y l a c e t a t e Formic ac id ( T E F , 5 : 4 : 1 ) 
( c ) 13enzene -e thy lace ta t e -ace t l c ac id ( B E A , 8 :5 :2) 
In so lvent system ( a ) , t he b l f l a v o n e mixture showed 
t h r e e compact brown spo t s in UV 11^ht and the d i f f e r e n c e of 
R- va lues were well marked. Therefore t h e s e t h r e e bands were 
sepa ra ted by PLC and l a b e l l e d as J P - I ( R ^ 0 .16 , 800 mg), J P - I I 
( R - 0 . 3 7 , 200 m ^ and J P - I I I (60 mg, R_ 0 , 5 4 ) . 
J P - I (Methyla t ion) 
A mixture of J P - I ( l 2 0 m ^ , potass ium ca rbona te anhydrous 
( 2 , 5 g ) , d i rae thy lsu lpha te ( 0 , 5 ml) and dry ace tone (250 ml) was 
ref luxed on water ba th for about s i x hours . Af ter complete 
m e t h y l a t i o n , checked FeCl„ t e s t , t h e r e a c t i o n mixture was 
f i l t e r e d and evaporated to d ryness . The yel low r e s i d u e l e f t 
behind was t r e a t e d with petroleum e t h e r and then d i s so lved in 
chloroform. The chloroform s o l u t i o n was washed w i th water and 
d r i ed over anhydrous Na„S0 and concen t ra ted to ^ive crude so l id , 
TLC examination of t h e methylated product showed two methyl 
e t h e r s , JP-IMI and JP - IMI I . 
1-4' , 11 -4 ' . 1 -5 .11 -5 .1 -7 . I I -7 - I I exa -O-methy l 
/ • " I - 3 ' , I I - 8 ^ 7 b i r i a v o n e (JP-IMl) 
I t was c r y s t a l l i z e d from CHCl»-MeOH as c o l o u r l e s s 
need le s (50 mg) m.p, 225-27 , 
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NMR (CDClg), Values on T Scale 
3.5 3 (d, IH, J=3 TIz, H-I-8) ; 3,68 (d, IH, J=3 Hz, H-I-S); 
3.36 ( s , IH, H-I I -6) ; 3.51 ( s , IH, H-I-S); 3.41 ( s , IH, n - I I - 3 ) ; 
2.16, 2.05 (q , 2n, J=:9 & 3 Hz, H - I - 2 ' , 6 ' ) ; 2.63 (d, 2H, J=9 Hz, 
n - I I - 2 ' , 6 M ; 2.92 (d, IH, J:=9 Hz, H-I-5 ' ) ; 3.29 (d, 2H, J=9 Hz, 
n - I I - 3 ' , 5 ' ) ; 5.95, 6.08, 6.18, 6.20, 6.25, 6.29 ( s , 3H each, 
OCHg-II-5,1-5,1-7,11-7,1-4 ' , II-4» r e spec t ive ly ) . 
1-4' ,11-4' , I -5 . I I -5 , I -7 , I I -7-Heya-0-c ie thyl 
/ ' ' l -8 , I I -8_7b i f l avone (JP-IMIl) 
I t was c rys t a l l i zed from CHClo-MeOH (40.0m^), m.p. 
297-99°. 
mm (CDClg): Values on T Scale 
2.7 (d,4H, J=9 Hz, H- I -2 ' , 6 ' , 1 1 - 2 ' , 6 ') ; 3.23 (d, 4H, 
J=9 Hz, H - I - 3 ' , 5 ' , 1 1 - 3 ' , 5 ' ) ; 3.41 ( s , 2H, H - I - 3 , I I - 3 ) ; 3.43 
( s , 2H, H-I-6, I I - 6 ) ; 5.9, 6 .15, 6.23 ( s , 6H each, OCH -
1-5,11-5,1-7,11-7,1-4 ' ,11-4 ' , r espec t ive ly) . 
Acetyl at ion 
JP-I (200 mg) was si^bjected to CCD separation between 
ethyl methyl ketone and borate buffer (pH 9,8) yielded JP-Ia 
(50 mg) and JP-Ib (45 mg,). These f ract ions were acetylated 
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s e p a r a t e l y w i t h p y r i d i n e ( l ml) and a c e t i c anhydr ide (2 ml) 
on a wate r ba th for 4 hours . I t was then cooled and poured 
onto crushed i c e . The separa ted s o l i d was f i l t e r e d , washed 
wi th water and d r i e d , 
1-4' , 1 1 - 4 ' , 1 -5 ,11 -5 ,1 -7 , I I - . 7 -Hexaace toxy / . ~ I - 3 ' ,II-8__7 
b i f l a v o n e (JP-IaA) 
I t was c r y s t a l l i z e d from CTTCl^ -MeOlI (35 mg), m.p. 241-43**. 
NMR (CDCl^): Values on V Sca le 
2.74 (d,lTI,J = 3 Hz, H - I - 8 ) ; 3.16 ( d , l H , J = 3 Hz, H - I - 6 ) ; 
2,09 ( s , IH, 1 I - I I -6 ) ; 3 , 3 5 , 3,32 ( s , IH each, H - I - 3 , I I - 3 ) ; 
1 ,97-2.02 (m, 2H, n - I - 2 ' , 6 ' ) ; 2,52 ( d , IH, J=9 Hz, H - I - 3 ' , 5 ' ) ; 
2.51 ( d , 2H, J=9 Hz, U - I I - 2 ' , 6 ' ) ; 2.94 ( d , 2U, J=9 Hz, H - I I - 3 ' , 5 ' ) 
7 .55 , 7 . 5 9 , 7 , 9 5 , 7 ,99 , 7 ,72 , 7,77 ( s , 3H each, OAc-I -5 ,11-5 , 
1-7, 1 1 - 7 , 1 - 4 ' , 1 1 - 4 ' , r e s p e c t i v e l y ) , 
I - 4 » , 1 1 - 4 ' , 1 - 5 , 1 1 - 5 , 1 - 7 , I I - 7 - H e x a a c e t o x y / " l - 8 , I I - 8 _ 7 
b i f l avone (JP-IbA) 
I t was c r y s t a l l i z e d from CHCl -MeOH (30 mg), 
NMR (Cnc ig ) : Values on T Sca le 
2.71 (d , 4n, J=9 Hz, n - I - 2 ' , 6 ' , I I - 2 ' , 6 ' ) ; 2.99 (d , 4H, 
J=9 Hz, H - I - 3 ' , 5 ' , I I - 3 ' , 5 ' ) ; 3.44 ( s , 2H, H - I - 3 , I T - 3 ) ; 
- \ ^
 
N-^-
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2.94 ( s , 2H, H-I-6 ,11-6) ; 7,52, 7,92, 7,75 ( s , 611 each, 
0Ac- I -5 , I I -5 , 1 -7 ,11-7 ,1 -4 ' ,11-4 ' , r e spec t ive ly ) , 
JP- I I 
This f ract ion was separated Into two pa r t s JP- I Ia (minor) 
and JP- I Ib (60 m^), J P - I I a was Ident i f ied as mono-0-raethyl amento 
and cupressu flavone, JP- I Ib was methylated and acetylated by 
usual method, 
I I -4 ' ,1-5 ,11-5 ,1-7 , I I -7-Penta-O-methyl / ~ I - 4 ' - 0 - I I - 6 _ 7 
blflavone (JP-IIbM) 
I t was c rvs t a l l l zed from CUClg-MeOn (25 mg), m,p. 260-62°. 
N}in (CBClj^): Values on T^Scale 
3o66 ( d , i n , J=2.5 Hz, H-I-6) , 3,48 (d, IH, J=2,5 Hz, H-I-S); 
3.44 ( s , in , H-I I -8) ; 3.42 ( s , IH, U-I-3) ; 3.40 ( s , IH, H-II -S) ; 
2.04 (d, 2U, J=9 Hz, H - I - 2 ' , 6 ' ) ; 2.14 (d, 2H, J=9 Hz, H - I I - 2 ' , 6 ' ) ; 
2.94 (d, 2H, J=9 Hz, n - I - 3 ' , 5 ' ) ; 2.96 (d, 2H, J=9 Hz, H - I I - 3 ' , 5 ' ) ; 
6.06-6.15 ( s , 15H, 0Me- I -5 , I I -5 , I -7 , I I -7 , I I -4 ' ) ^ -
I I -4 ' , 1 -5 ,11-5 ,1 -7 , I I -7 -Pen taace toxy ^"•l-4'-0-II-6__7 
blflavone (JP-IIbA) 
I t was orystal l izeci from CHCl -^ .leOH (25 mg), ra.p, 236-38°. 
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N?.IR (CDCl^): Values onT-^ lca l e 
3.15 ( d , IH, J=2 .5 IIz, H - I - 6 ) ; 2.57 ( d , IH, J = 2.5 Hz, 
H - I - 8 ) ; 2o72 ( s , i n , H - I I - 8 ) ; 3 , 4 1 , 3.36 ( s , ITI each H - I - 3 , I I - 3 ) ; 
2,05 ( d , 211, 'Ja9 Hz, H - I - 2 ' , 6 ' ) ; 2.15 ( d , 2H, J=9 Uz, H - I I - 2 ' , 6 ' ) ; 
2.98 ( d , 2H, J=9 Tlz, T I - I - 3 ' , 5 ' ) ; 2.68 ( d , 2H, J=9 Hz, n - I I - 3 ' , 5 * ) ; 
7 .66 , 7 . 7 5 , 7 .87 , 7.56 ( s , ISH, O A c - I - 5 , 1 1 - 5 , 1 - 7 , 1 1 - 7 , 1 1 - 4 ' , 
r e s p e c t i v e l y ) . 
J P - I I I 
On methyla t ion i t was found to be h i n o k i f l a v o n e -
pentaraethyl e t h e r . J P - I I I (4O mg) on a c e t y l a t l o n ^ave an 
a c e t a t e J P - I I I A as u s u a l . 
I I - 4 ' , I - 5 , I I - 5 , I - 7 x T e t r a a o e t o x y - I I - 7 - m e t h o x y 
^" • l -4« -0 - I I -6_7b l f l avone ( J P - I I T A ) 
I t was c r y s t a l l i z e d from GlTCl_-Me01T as c o l o u r l e s s 
need les (30 mg), m.p. 213-14°. 
NMR (CDGlg): Valiies on 7 ^ So a l e 
3.18 ( d , IH, J = 2.5 Hz, H - I - 6 ) ; 2.70 ( d , IH, J = 2.5 Hz, 
H - I - 8 ) ; 2.97 ( s , IH, H - I I - S ) , 3.40 ( s , IH, H - I - 3 ) , 3,43 ( s , IH, 
H - I I - 3 ) , 2.12 ( d , 2H, J=9 Hz, H - I - 2 ' , 6 ' ) ; 2.25 ( d , 2H, J=9 Hz, 
U - I I - 2 ' , 6 ' ) ; 2.98 ( d , 2H, J=9 Hz, H - I - 3 ' , 5 ' ) ; 2.77 ( d , 2H, J=9 Hz, 
H - I I - 3 ' , 5 ' ) ; 6.14 ( s , 3H, OMe-II-7); 7.72 ( s , 60, 0 A c - I - 5 , I I - 5 ) ; 
7 .76 , 7.64 ( s , 3H each, 0 A c - I - 7 , I I - 4 ' ) . 
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